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SOVIET ARTICLE ON EXPERIMEINTAL INVESTIGATION EaR—
OF A FI OW-TYPS TEMPFERATURE GAUGE !
1M A HIGH-VELOCITY GAS STLEAM

[Comment: fThe following is the full text of an article by
i W. V. Ilyukhin end L. N, Naurits, published in the Zhurnal
) Tekhnicheskoy Fizikl, Vol XXII, Nn 12, December 1972, pp 2014-
20z5. Figures referred to are appended. HNumbars in parentheses
refer to appended bibliogragphy. ]

This article presu.ts the results of an evperimental investigation of a
flow-type temverature gaugt with controllcd delivery of air through the de-

vice; the recovery coefficient of the device is determined and recommendations
s as to its use are given.

I. GENZRAL COVSIDERATIONS

\ The problem of temperature measurement in a high-velocity gas stream, the
principal aspects of the method of the experiment, and the processing of ex-
perimental Tacts have been presented in owr previous works. (1, 2)

Here it is necessary only to mention that we accept as the most rvational
dimensionless characteristic of the temperature gauge the recovery coefficient

T -7
6 -7

r =

ot

. where T' is the gauge's own ctemperature, T is the thermodynamic temperature of
5 the current, and 6 is the frictional-action [braking) temperature.

. The function r = f (M, Re) is investigated during cperation with air.

The present article presents the basic results of the experimental in-
vestigation of a flow-type instrument. The principle of operation of the in-
strument investigated is that the Junction of the thermocouple in the inner
flow duct ~f the instrument is blown on by a stream of air of moderate velocity,
thus creating the conditions for measuring the braking temperatuce.

A continuous flow of air within the instrument assures a sufficient degree
of heat transfer between the stream and the indicator of the device and there-
fore makes it sensitive. Tc eliminate errors during measuring due to loss of
heat through the walls of the instrument, it is made of material (textolite) of
low heat conductivity.

The publiched results.of various other investigators of similar instru-
‘ ments differ.(3, 4) Also, many features of the operation of thermoprobes of

. this type have not been adequately investigated. In particular, no one has
E explained the interaction between the thermocouple Jjunction and a stream moving
e at moderate velocity within the flow vert of the instrument.

In some investigations, the operation of flowing arcund the indicator of
- the device was influenced by verying the size of the ventilation opening  How-
ever, no quantitative relations were established.

Likewise, the influence, on the instrument readings, of the location of
the thermojunction along the length of the duct has not been investigated.
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In our latest vork, we aimed at a detailed investigation of the properties
of the gauge under various gas-dynamic conditions.

In executing the work, we had the following tasks:

1. To establich the influence of air input, flowing through the inner
chamber of the instrument, on the gauge's own temperature.

2. To explain the variation of the gauge's own temperature in relation-
ship to the location of the thermojunction within thne tip.

3. To determine the influence of the angle of attucx.

L, 1o establish the pictuge of the variation of the gauge's own tempera-
ture when shifting the thermojunction next to the inlet to the flow part of
the instrument.

]

5. To make recommendations about the practical use of flow-type thermo-
probves.

The experimental method is descrived in detail in a previous article.(1)
Characteristic of this method is the shifting of the investigated instru-
ment in an insulated duct, Figure 1 is a diagram of the apqparatus. Figure 2

shows the experimental unit with the gaugze being investigated.

Description of the Gauge

The investimued probe had four replaceable tips, differing in the length
of the cylindrical part (46, 31, 20, and 15 ma). Figure 3 shows one of the
tips (length, 31 m). The design of the probe iteelf. is shown in Figure k.
The probe consists of a body 1, a tiy 2 connected to the body by means of a
threaded joint (the tip being eylinirical in forn and % mn in Inteonal diam-
eter), and a hollow holder 3 whose duct sarves og an outlet for air from the
. instrument. 4 copper-constantan thermocouple & with 0.3-mm diameter is
- located within the flow part of the tip.

The design of the instrument provides for shifting the thermojunction
along the length of the duct. For this Purpose, a small piston 5 has been
DPlaced within the body of the instrument; the thermocouple is nassed through
the piston and fastened to it. The steel wire 6, one end of which is attached
to the piston and the other end of which is attached to the carriage of ¢
micrometer slide caliper, permits shifting the pision along the axis of the
instrument. The steel spring 7 provides the return notion of the spring. The
nmicrometer slide caliper reading fixes the position of %he thermo junction to
an accuracy of 0.1 mm.

To ascertain the dependence of the ‘nstrument readings on the angle of
attack, the probe has been made rotatable about an axis verpendicular to the
direction of the stream, the axis of rotation being the geometriesl axis of
the nolder which rotates tcgether with the gdauge. The angle of rotation is
read on a special scale with the aiduf a pointer fas*tened 1o the holdew. Also
provided for was a means for varying the inpuv of air, flowing through the
inner chamber of the instrument, independently of the velocity of the inflow-
ing stream. The input of air rassing through the inner part of the instrument
¥as measured by means of & rheometer.
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II. RESULTS OF THE RESEARCH

Effect of Air Input on Gauge's Own Temperature

The investigation was conducted with a tip 46-mm long. The thermojunciion
was placed on the axis in the certer of the cylindrical part of the inner duct
of the tip.

Experiments vere conducted at three different velocities of the inf nuing
stream: 197, 230, na 254 '",/:::, Wuill currespond to the following values for
Re and M of the main stream:’ Re = 2.92 - 105 3.52 + 107; 4.03 * 10%; and

I M = 0.3835 0.69,: 0.78s.
The results of the exreriment are represented by curves in Figures 5 and 6.

Figure 6 shows that in all three cases the dependence of the recovery co-
efficient of the instrument on .he input of air through the gauge, i.e., on
Repenss was of like character.

. The value Remeas was determined according to the formvla
, i
Repeas = —

ma ne

meas

meas ,

where Gpens. 15 the input of air through the inner chamber of the thermoprobe;
B dmeas 1s the internal diameter of the tip; W8 i3 the kinematic viscosity of
: the air at the braking temperature.

At very small values of aip input throush the gauge (Repeas = 1.5 - 103),
the difference (85 — T') between che braking temperature and the
measured temparature inerensed (up to 0.6 - 1.0 deg CAPPTOX) ang coppe-
spndinsy the recovery coefficient of the instrument decreasec to 0.96 - 0.97.
Increasing the air input (Remeasé“/-('o . 103) causes at first a rapid and then
2 slower decrease in the temperature difference & —— T (correspondingly, in-
crease of the recovery coefficient). Further & — T, and consequently r also,
maintain constant values up to Remens of the crder of 13.0 - 103.

Thus, the most suitable conditions for the operation of the instrument
were at RemeaS values from 6.5 * 103 to 13 * 10°. Under these conditions the
recovery coefficient of the instrument has a stable value of the order of 0.99.

Varietion of the Gauge's Own Temperature in Relationship to Location of the
Thermo,junction

Experiments were conducted with tips 46 and 31 mm In length. As already
stated, the design of the instrument permitted shifting the thers sjunction
along the length of the internal duct,

. The variation in the temperature difference @ — T' and the recovery co-

¢ efficient r in relationship to the position of the thermojunction in the duct
of the 46-mm tip is shown in Pigure 7. The variation of air input through the
e#perimental unit ranged from G = 305 xg/hr up to G = 648 kg/hr, correspondfng
to values of Re from 2.95 + 105 and M from 0.580 to 0.778.

At the same time, the air input through the inner chamber of the instru-
ment varied within the rangs of Repeag values from 7.1 - 103 to 11.8 - 103,
thus remaining within the -ange of values corresponding to the most advantageous
. conditions of Ziow arcund the thermojunetion.
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Figure 8 shows tha rclntionship of the tenperature difference Q —m T and
the recovery coefficient to the position of the thermojunction within the duet

of the 3i-mm tip. e gxperiments were conducted at two values

througi the experimental unit:  5h7 ang Loo kg/hr at correspondi

4.32 - 107 amd 3.15 - 105 anq values 0.85 ard O.SSM. In each

of aiv input
g Re values
experiment, the

input of air throuszh the thermoprobe vag iept steady; at the greater input3 the
fad

Remeas values reached 9.4« 10 » 2nd ot the lesser inzut Remeas

=8.6 10

An examination of the experimental datsa indicates the constancy of characa-
teristics of the instrument Aseina chilting of the thermo junction from the in-

1ot to e center of the duct. In proportion to the further sh

ifting of the

Junetion deeper within the in:trumcnt, after it hag Passed the mid-voint of the

duct there iz a noticeacla althoush slight tendeney towards an

increase in the

temperature difference and a desreaze in the recovery coefficient. Thus, for
example, the lowver eurve of Fi_ure T shovs tiat the variation in teyperature
difference @ .. o+ at the 15.my length reaches, on arn averaze, 0.20°C. Thig

circumstance can be explained by the Tollowing consideratiors.

The temperature of the ~uter wall of the Instrument differs from the
braking temperature Tthe greater the velocity of the incoming streom the greater

the difference} ovwing to the incompleteness of recovery [r<il].
e velocity of the outer stream and in the recovery coefficie

A change in

nt along the

length of the tip leads to the formation of o heterogeneous Lemperature fial4
L=

of the outer surface of the instrument. The temperature of Lhe

inmer wall or

the duct is neaper to the braking temperature sinee the stream of ajr within
the device has o low velocity and a temperature bractically equal to the
braking temperature. Under the influence of the temperature Jradient directeq

from the inner vall to the outer, a heat exchange develops, the

intensity or

which increases vith an in ease in velocity of the infloving stream. Conse~

quently, the difference betwveen the braking temperature and the

gauge'’'s own

temperature depands (although admittedly only to a very slicht degree) on the
veloeity of the inflowing stream and the lceation of the therno junction,

Actually, all the exveriments of thigs Serles indicate the tendency (weak,

but indisputable) tovard a Jeereage in the recovery coelficient

in proportion

to the shirt or the thernojunction from the nid-psint of the duct to g point

deeper within the duet. Thig decrease i5 3o quantitatively ingi

gnificant that,

for practical dwrposes, the recovesv tceffieient nay we considered consiant.
I urg ’ J 7

Relationshiop of Recovery Coefliciont to Velocit:r of Inllovin- Strean

The recults of the experimentg with replacenyie tips Lo, 31, 20, and

15 mm lonz are given below.
;

In all the experiments, the het Junction of the thermocouple was situated

at about the mid-point of the length of 4he duct of the tip.

The input of air through the Seuge was maintained within the range vhieh
guaranteed the most favorable conditions of f1ow about the thermojunction.

The main regultg from the brocessing of the experimental data ave given

in the followinz table.
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Range of ?
Veloeity
Variation Values
in the of the
Length Considered Recovery
of 1ip Section Range of Variation of Values Coefficient
v A 4 Omeqs ,
1{m) w(m/sec) b= Re = — -2 Repegg P& yeas pe re=l=—1
zd_pe — 8 =T
4 170-270 0.57-0.82 2.5:107-5,4-105 6.5-103-9.1'103 0.98¢
31 150-270 0.44-0.82 2.4-105.5.5.205 6.5°203-11.0-103 2.995
20 160-260 0.47-0.80 2.5:10%.5,3-105 6.9:103-9.5.103 0.995
15 150-280 0.4k-0.87

2.5°105-5.2-105 6.7-203.9.4103 0.885~o.995

The relationship of the recover

Y coefficient to the M value for a
Wwith tips orf different lengths 1g gp

thermoprobe
own in Figure 9,

As is evident, the experinmental pointg lie closely about the straight 1li.e
T = 0.99. The deviations of the values for p obtained in e eriments with dif-
ferent tins do not exceed + 1 percents actually, for tips 32, 31, and 20 m long,
the average value for r 4s equal to 0.986, Q.9

,95, and 0.995, respectively. Only in
the experiments with the 15 mi-long tip is th

ere detected an insignificant in-
Crease of the recovery coefficient with an increase in the M value (during the
change in the M value “rom 0.4k to 0.87, the recovery coefficient increases
from 0.985 to 0.995).

Thus, an increase in
range 15-4%6 mm does not le
of the thermoprove.

the length of the

tip of the instrument within the
ad to a noticeable

change in the recovery coefficient

Influence of Angle of Attack

The main conclusion, toward which the results or research on this orohlen
lead, is that the thermoprobe of the tyoe investigated is
changes in the angle of at

$ insensitive {o small
tack vhich could occure as a result of inaccuracies
of adjustment o the instrument.

we cite the Tesults, presented in Figure 10, of the
S mm long. This tip permitted a change

t 13 degrees. The thermo junction at this tire was
located 15 mm from the mouth of the duct

of the instrument. The experiments
vere conducied at two inputs of air through the experimental wnit: 568 kgéhr
and 383 kg/hr, which corre ’

spond to the Re values L3k - 10° am 2.93 + 10
and to the M values 0.79l and 0.559.

The results cited actually show that the investi
sensitive to g

gated thermoprobe 1s in-
S change in the angle of attack

within the limits of ¢+ 13 degrees.
Instrument Readings With Pointer Placed in Inflowing Stream

An instrument vwhich has a
dependent of the location of th
the junction is led
qQuite sensitive even

stable value for the coefficient of recovery inw-
e Junction in the duct loses this Property when
out from the inner cavity into the strean

2, and becomes
TS extremely small displdcements‘of the Junction.

-5




Sanitized Copy Approved for Release 2011/09/14

nitized Copy Approved for Release 2011/09/1

N = 7
[ H =~ :

: CIA-RDP80-0009A00700 80025-

To dnvesti

gate thig phenomenon, special tests were conducted in vhieh the
thermo junction Was not only shifted

ed vithin the guct of the tip, but was also
moved out of the instrument directly into the inflowirs stream. This series
of tests was condueted with tyo tivs, 31 and 20 mn long. The results of the
experiment are Presented in Figures 11 and 12,

With the 31 m-lon cted at two velocitieg of the

inflowing stream: 163 n gec and 257 m/sec, with respective Re values
2.68 * 105 and k.66 . 107, and respective o values 0.48, ang 0.397. The input
of air through the g8ure lorrespond to the Repnps valued 7.2. 10 and
9.3 ¢ 103, The thermojunction, initially plaééd“in the duct or the instrument
at a distance of 15 tm from the entrance, was gradually shifted in the direction
of the inlet and thep w-ved out beyond the edze of the instrument itself di-
rectly into the inflowing strean, In its extreme Position, it vas movea cut
of the duct of tpe Instrument 4o distance of § pm.

g tip, tests were condu

The shiftin

3 of the thermo junction outside
ing stream vas

the instrument in the inflow-
accompanied by a sharp increase in the temperature difference
6 — T' from 0.1 4o 2.4% at an infloving-cursent velocity of 163 n/sec and
from 0.3 to 5.7% at v = 257‘m/sec;correspondingly, the coefficient of re-
covery decreased frop 0.99 to 0.82 and from 0.39 to 0.83.

The test with the 20 rm tip was
of 245 m/sec at Re value 3.99

conducted at ap inflowin;~current veloelty
through the instrument o

* 1072 and M valye 0.754. The input gf air
orresponded £o +he value Re .

meas - -0 - 10 The
thermojunction Yas shifted in the Stream, gradually moving away from the inlet
Cross section of the instrument +¢ g dist.

ance of 11 mm.

» the shifting of the Junction ontside the instru-
lowing strean, wag acconpanied by a significant ig-
crease in the temperature difference ® — (from 0.3°% I, the inlet cross
section to 5.40C in the extreme position), which caused a reduction in the re-
covery coefficient frop 0.995 to 0.820

Thus, the resul
ference 8 — T and
to the displacement

s of the tests attest to the chan
» consequently, the recover-

e in temperature 4:f.
¥ coefti
of the thermojunction out

cient, in relav’ onship
side the instrument itselt,

In all cas
6 — Tt 45
strument.

es, the zone of marked variation in the temperature diffeience

limited to a S5-mm distence from the inlet CrOSS section of the ip-

On farther removal of the theimojunciion frop the inlet eross section
le change in the temperature diffzrence

t a distance of 10 . prastizally ceases;

€5 a constant velus fop the siven conditions.

6 — T 45 noticeably retarded and, a
the difference 6 ew. T' reach

operties of the instrument dwring removal
inner chamber into the inTlowing stream is ex-~
Plained by the fundainental change in the operating conditions of the indicator.
From the case where the thermo junction is passed by a sream of moderate
velocity In the inner cavity of the instrument, we Fass to the case where it

is passed by an inflowing streem of air of high velocity. Tiis explaneticn ig
Dractically confirmed by the full agreement ot the attained resulis with the

data of our tests on the study of the Properties n7 transversely streamlined
bare thermocouples. (5) g

or illustration, ve nresent in Figure 13 th. curve of
the relutionship r = J«M) takeu from the article just mentioned.

4 - CIA-RDP80-00809A000
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~ Figures 12 and 13 shov that the recovery coefficient of a transser
- streamlined thernocouple with a 0-3-mm dioneter, nt an M value of the Intlowing
current equal to 0.75, has the vilue » = 0.82. Exactly this velue Tor tre re-
covery coefficient of the thermoprobe is obtained under analogous conditiors
(M = 0.76 and o thermoelement, 1imneser e? 0.3 mu) un removal of the Sunztion
to a distance of 11 mm frop the inlet of the instrument.

Comparison With Results of Other Investisationg

In Figwres W, 15, arg 1€, th? results of she present work are compared
vith the data of other inVﬂztigutions.(3, Ly & couparative analysis of the
curves shows that the +4h Uprobe investirated in the sresent work has the
highest and mesy stobl ~luc for the recovery cocfficient. The influense of
the angle of attack vithin the range of + 12 desrees is not disclosed in any
of the other investizations.

In Zysina's test, the rezovery coefficient of the instrument attains o
stable value but no* exzeeding 0.93) o5 inceasi $ lhe M valuz of the inflow-
ing strean to 0.7 ara higher. A dcerease 1n tre vialue of I leads o a drop
in r approximately dewn %o value 2.7 — 0.8. The instavility of the recovery
coefTiclent with a thange in the value of M apparently can be explained by a
not altegether suceessful selectios of the ratios of the areas of tiw ventila-
tion openinis. This should shov an especially strons offect on the conditions
of interaction of the therrojunction with the alr sitrcam, braked in tha irner
charber of the instrunent, a2t louw veloei he inflovin
veuy orinciples explain a certain in

the instrument in the tests of Moty

t
i

tabilicy of the racc

cel and Kalitinghiy and

2t 2 decrense in wveloe: ¥ of the infilo ean., & co

sults of these tests with the data or eny wary i

The stable value of the recovery
a thernecprobe of the desimm under inv
ditions of fiouw ebout vhe junction :
of air input through the inner chambes
vice for regulating the input c© ain tl
laent, 1t proved possible +o corduct serial taogtg
retreionship r = Jq‘ in the self-nodeling (reln.

during tests of

el by vetter con-

Wocorreet seleetion
By means of a de-

il ol the instru-

et of the

CONCLUSIONS

02 auade.

As a result of the invcstigatian;, L rollowins son
1. The recovery coelficient of tha thermoprobe Sarougih 2 beoad range of
veriation oi the M va%uc from 045 10 C.07 at a variatlion of the Re valu from
2.4 - 10” to 6.5 * 107 zeintning n constant value which is near unity (0.99).

2. The recovers cceflficiont brimarily depends on the corditions of flow
about the thermejunciion witiin the instoumens which cre ch ractesized by the
value of Renc°" (in cur investigation T107 ts 1300 - 102).

nenas

3- A higher and moce stanla value for the recgvers coelTicient of Lhe
investigated instrument in compa-<ison with the results received by sther in-
vestigators depends on the rational selectiocn of the input of air through the
inner chambver of the instrument 2nd the cosrect locaticn of the thernogunction
in this chamber.

-1
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nave shows that 4ho Jurciion should not be adacad ne

Placing the Jjunstlon in £he voas
cels The junction should be placad
Learer the inlet.

h. Spacial tests
Lo the inlet soction of the instrume
of the instrument als s nos recoume
skout the middle of tne duet, slighti

5. The recovery coefficient of the Shermcnroba practically dees nob da-
vend on the accwracy of' adjustment of the instrument as repards the inflowing
stream. In our experinments, a variation in the angle of attack within the
range + 13 decrees did not sha- any noticesble influence on the readings of
the inscrument.

6. An incvense in @ithin the

B
range from 15 to b 1
coelficient of Sho “horn
the 15-rm-lony 4is thore o oco
recovery coeflfi:iens during =n in
7. Thermopetric flow-tyro ; el as guuzes in e algh-
valoclty sas stream. To cronte Lng conditions ror the
instrument indicator, is ig necessary to on “Ll0 betveen the areas of
the inlet gnd outlet crossg soehicn: value of the order
of 10 * 102 (frem 5.5 * 103 o
8. Tac present wo s a result of the
iateraction o2 501:d Lo mier condidions
of aliadbatis Ticu. 3 3 snaving ~f the expariment excluded
- the influencze of rodicticn o 3¢, This permitted ithe raliable study of the
8 hydrodymomic end heas effeete Jdevelooiny in a7 izh-velocity séream.  The use
of flow-type thermoprobes la- rezxelules tho influence of vadiation, since
the tiy of the instrument consizis of a single shield. E wever, if necessary,
use o a double, Tiow-tyoe ie 13 Lossivle (Thi;;, of course, leads to a
certain complication in : ament. )
-\
anl Lechndcian A, . Prustatovs narcicipated
=
JR-FE Ly Proff AL Al
. ther I
..
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